Numbers Space Attention Working memory SNARC Neuropsychology a b s t r a c t Several psychophysical investigations, expanding the classical introspective observations by Galton, have suggested that the mental representation of numbers takes the form of a number line along which magnitude is positioned in ascending order according to reading habits, i.e. from left to right in Western cultures. In keeping with the evidence, pathological rightward deviations in the bisection of number intervals due to right brain damage are generally interpreted as originating from a purely spatial-attentional deficit in the processing of the left side of number intervals. However, consistent double dissociations between defective processing of the left side of physical and mental number space have called into question the universality of this interpretation. Recent evidence suggests a link between rightward deviations in number space and defective memory for both spatial and non-spatial sequences of items. Here we describe the case of a left brain-damaged patient exhibiting right-sided neglect for extrapersonal and representational space, and left-sided neglect on the mental number line. Accurate neuropsychological examination revealed that the apparent left-sided neglect in the bisection of number intervals had a purely non-spatial origin and was based on mnemonic difficulties for the initial items of verbal sequences presented visually at an identical spatial position. These findings show that effective position-based verbal working memory might be crucial for numerical tasks that are usually considered to involve purely spatial representation of numerical magnitudes.
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In 1880 Galton published two papers in which he described people who report vivid spatial experiences when processing numbers, forming what he called "natural lines of thought" (Galton, 1880a,b) . This observation supported the intuitive idea that the processing of number and space are tightly linked. It is only in the last two decades, however, that the relation between numbers and space has become the subject of systematic investigation and now, about 100 years after Galton's classical observation, it is widely accepted that the processing of numbers is intimately related to the processing of spatial information at both functional and anatomical levels (e.g. Dehaene, Piazza, Pinel, & Cohen, 2003; Fias & Fischer, 2005; Hubbard, Piazza, Pinel, & Dehaene, 2005; Umilta, Priftis, & Zorzi, 2009) .
One of the most convincing and robust phenomena that demonstrate the interaction between numbers and space is the SNARC-effect. When asked to indicate whether a number is odd or even with a left or right key press, participants tend to react faster to relatively small numbers (e.g. 1) with their left hand than with their right hand side, while they are faster to relatively large numbers (e.g. 9) when the responses are executed with the right hand side. Dehaene, Bossini, and Giraux (1993) called this finding the spatial-numerical association of response codes (SNARC) effect and postulated that it was attributable to the mental organization of numbers, taking the form of a horizontally oriented mental number line (MNL) with small numbers located on the left and large numbers on the right. Since then, this effect has been replicated in a wide variety of experimental tasks, for example, magnitude comparison (Brysbaert, 1995) or phoneme monitoring (Fias, Brysbaert, Geypens, & d'Ydewalle, 1996) , for a review see Fias and Fischer (2005) .
Besides psychophysical investigations in healthy subjects, neuropsychological studies have provided important additional evidence for the spatial nature of number processing. For instance, patients with left neglect following right hemisphere lesion fail to, report, orient to, or verbally describe, stimuli in the contralesional left hemispace (for a review see Halligan, Fink, Marshall, & Vallar, 2003) . When these patients have to indicate the midpoint of a visual line positioned in front of them, they systematically locate
